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[57] ABSTRACT 

A eye fundus examining apparatus includes a first optical 
system for projecting measurement light onto the fundus of 
an eye, a deflecting member provided in the first optical 
system for deflecting the measurement light, a light receiv- 
ing element for receiving the reflected light of the measure- 
ment light from the fundus of the eye. a predetermined 
parameter of a target on the fundus of the eye being 
measured from the light reception information of the light 
receiving element, a second optical system for projecting a 
tracking light beam to an area including the target on the 
fundus of the eye. an image pickup element for receiving the 
image of the target illuminated by the tracking light beam, 
and a control system for driving the deflecting member and 
directing the measurement light onto the target so that the 
distance of deviation from the illuminated point by the 
measurement light under an ideal condition on the fundus of 
the eye to the target image received on the image pickup 
element may become a set value, the set value being suitably 
resectable. 

8 Claims, 9 Drawing Sheets 
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EYE FUNDUS EXAMINING APPARATUS (2) Also, when effecting measurement by the eye fundus 

u ArwwwTxTTfc ncniEiwrrawnnv blood stream meter, if fee relative position of the optical 

BACKGROUND OF THE INVENTION system of the apparatus and a portion to be measured is 

1. Field of the Invention changed by the fine movement or the like of the fixation of 

This invention relates to an eye fundus examining 3 the eye to be examined, accurate measurement will become 

apparatus, for example, used to measure the shape of a blood difficult and therefore, an apparatus which a^Ues a light 

vessel and a blood stream in the fundus portion of an eye. ^ a . ^ for toablood vessel to be 

0D ... r measured, picks up the image of the blood vessel by a CCD 

i. Relate* Background An camera, and scans the light beam from the light source for 

(1) An eye fundus blood stream meter is an apparatus mat tracking so that the image of the blood vessel may be 

irradiates a blood vessel to be measured in the fundus of an 10 stabilized at a fixed position on the CCD camera, to thereby 

eye to be examined with a laser beam, receives the scattered. effect tracking, is disclosed in Japanese Patent Application 

reflected light thereof with a photodetector. detects the Laid-Open No. 63*288133. In this apparatus, the reflected 

interference signal of a Doppler-shiftcd component which is scattered light from the portion to be examined is very slight 

scattered reflected light from the blood vessel and scattered and therefore, light luminance is required of the light source 

reflected light from a stationary blood vessel wall. 15 for tracking and green light is suitable from the spectral 

frequency-analyzes this data and finds the velocity of the absorbing characteristic of the fundus of the eye and a blood 

blood stream, the velocity of the Wood stream (maximum corpuscle and thus, an He-Ne laser source is used as the light 

velocity Vmax) being found from the following equation: sourcc for tracking. 

(a) In the above-described example (1) of the conven- 
20 tional art, however, there will be no problem if the point 
vma={ xycn-a)}-flAfaua i MAmax2ffoos^ (i) conjugate with the tracking reference position onthepupii- 
where Afmaxl and Afmax2 are the maximum shifts of conjugate mirror and the measurement light spot are coin- 
frequencies calculated from received light signals received cident with each other, but if the point conjugate with the 
by two light receiving devices, X is the wavelength of the tracking reference position on the pupil-conjugate mirror 
laser, n is the refractive index of the measured region, a is 25 * e measurement light spot do not coincide with each 
the angle formed by two light receiving optical axes in the other t « rms of ^ structure of the apparatus and the 
eye. and p is the angle formed by a plane formed by the two <* ^«*n>cnt for example, for die reason when 
light receiving optical axes in the eye and the velocity vector measurement beams are applied at a plurality of oifferent 
ofme blood stream. angles, the posiUons^of moo^nce of the tracking light and 

,s - - - . cl- «~ as * *u _ the measurement light differ from each other at the cornea 

By effecting flie rneasurement from two directions, the 30 ^ of ^ cye tTbe examined and thus, the center of the 

contnbution in the taction i of madence of measurement £^ m on ' me blood vessd ^ mc measurement light 

light is offset, and the blood stream in any region on the do ZteobdOt with each other. Also, when there is great 

fundus of the eye can be inured. Also by making corQeal a*^^ or the like, a deviation occurs between 

coincident the angte p formed by the hue of intersecUon me of me ^ on me Wood vesscl md me 

between the plane formed by the two light receiving optical 35 mcasui cment light and there arises the problem that accu- 

axes and the fundus of the eye and the velocity vector of the ^ ^ accomplished in spite of the 

Wood stream, M * established and the true maximum operadll g of ^ c tracking system 

Uood stream velocity can be measured (b) Also, in the above^cribed example (2) of the 

In this eye fundus blood stream meter utilizing a laser conventioiia] ^ the quantity of scattered reflected light of 

beam to measure the shape of the Wood vessel and the 40 me light beam from the light source for tracking near the 

velocity of tte blood stream in a particular region of the bloo d vessel to be measured differs greatly aepending on the 

Wood vessel m the fundus portion of the eye. it is necessary mcitbt of mc eye to ^ examined or the region 

for the measurement light beam to be accurately applied to ^ ^ j^u^ md ttc quantity of light necessary to obtain 

the region to be measured wfchin the measuring process thebest image of the blood vessel also becomes different for 

time but actualhy there is die fine moveinent or the like of 45 le on ^ ^ckness of the blood vessel of 

the fixation of the eye to be examined and therefore is ^ (Q ^ ^ ^ a ^ ^ contrast of the 

difficult to continue to apply the measurement light beam . e ^ ^ blood vcssd becomcs low tracking accu- 

accurately to the region to be measured. Accordingly, appa- U ^ mc accuracy of the measurement of the 

ratuses having tracking means for moving the applied posi- blood strcam vclodty is also reduced, 
tion of the measurement light beam on the region to be 50 

measured at in real time corresponding to the fine movement SUMMARY OF THE INVENTION 

of the fixation are disclosed in Japanese Patent Application It is a first object of the present invention to solve the 

Laid-Open No. 6-503733 and Japanese Patent Application above-noted problem (a) and to provide an eye fundus 

Laid-Open No. 7-155299. exarnining apparatus for effecting accurate tracking for a 

These apparatuses adopt a system in which tracking light 55 blood vessel to be measured even when measurement light 

from an illuminating light source in a tracking optical are applied at a plurality of different angles to effect mea- 

system and measurement light are applied to the fundus of surement. 

an eye via a pupil-conjugate mirror lying at a position U is& second object of the present invention to solve the 

conjugate with the pupil, and the design of the apparatus is above noted proWem (b) and to provide an eye fundus 

such that the spot of the measurement light is applied to a 60 examining apparatus for accurately effecting tracking to find 

conjugate point on the fundus of the eye at a tracking the velocity of a blood stream exactly in spite of the state of 

reference position on a tracking sensor. A blood vcssd is me fundus of an eye to be examined and a region to be 

illuminated by the tracking light and is enlarged and pro- measured or the thickness of a blood vessel to be measured 

jectcd onto a tracking sensor, and the pupil-conjugate mirror npQrpn ™ nM ™ ,™ ™ AWTNirQ 

is moved so that the image of this blood vessel comes to the 65 BR3EF DESCRIPTION OF THE DRAWINGS 

tracking reference position, whereby the measurement light FIG. 1 shows the construction of a first embodiment of the 

always continues to irradiate a predetermined blood vessel present invention. 
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FIG. 2 is an illustration of the disposition of light beams on the optical path in the direction of reflection when the 

on a pupil. optical path changeover minor 16 is inserted in the optical 

FIG. 3 is an illustration of an examiner's field of view. P 8 *- 80(1 * e oatfM of the CCD camera 19 is connected to 

FIG. 4 is an illustration of a confocal stop. a Uquid "J™* 1 monitor 20 " 

FIG. 5 is an illustration of the examiner's field of view. 5 An image rotator 21 and a galvanometric mirror 22. 

, . .„ having a rotary shaft perpendicular to the plane of the 

FIG. 6 is an wustratton of the examiner s field of view. sheet of nG t ^ ^ vlng ^ ^ surfaces 

FIG. 7 is an illustration of the position of the image of a polished, are disposed od the optical path in the direction of 

blood vessel on a one-dimensional CCD. reflection of the band-pass mirror 12. a focusing lens 23 

FIG. S is an illustration of the positions of tracking light 10 movable along the optical path is disposed in the direction 

and measurement light. of reflection of the lower reflecting surface 22a of the 

FIG. 9 is an illustration of the positional deviation galvanometric rnirror 22, and a lens 24 and a focusing unit 

between the tracking light and the measurement light 25 movable along the optical path are disposed in the 

HG.lOisanmusttationofmerx^^ „ f^c-n of reflection of the iir^er reflecting surf ace 22* of 

measurement light gaivanometnc mirror 22. The front side focal plane of 

. 7~ . . . . , . the lens 24 is in conjugate relationship with the pupil Ep of 

FIG. 11 is anillustration of the positional correction of the ^ E tQ ^ examined , ^ ^ galvanometrirrnirror 22 

tracking light is disposed on that focal plane. 

^ 12 iS T mUStrati ? n ° f rf feC ^ ° f Also, above me galvanometric mirror 22. there are con- 

a blood vessel on a one-dimensional CCD. 20 ^ctSLy arranged an optical path length correcting semi- 

FIG. 13 is a flow chart of tracking correction. circular plate 26. a black spot plate 27 having a light 

FIG. 14 shows the construction of a first modification of intercepting portion in the optical path, and a concave mirror 

a measureraent-light-applying optical system. 28 on the optical path, and these cooperate with one another 

FIG. 15 is an illustration of the positional correction of „ to constitute a relay optical system for directing a light beam 

measurement light passing through the galvanometric mirror 22 without being 

FIG. 16 shows the construction of a second modification rcflcctcd * * c lower reflecting surface 72a thereof so as to 

of the rr^surernent-light-ar^ying optical system. return to * c ^Jf^\ <* the galvano- • 

HG. 17 shows the construction of a second embodiment ckc ularpiate26isforco^^ 

of the present invention. 30 of the upper reflecting surface 22b and lower 

FIGS. 18A and 18B are graphs of the output voltage of the reflecting surface 22* of the galvanometric rnirror 22 caused 

one-dimensional CCD. DY foe thickness of the rnirror. and acts only in the optical 

FIG. 19 is an illustration of an examiner's field of view. path leading toward the image rotator 21. 

r_e _>t__xt _____ DDccDDDcn 35 1° tne focusing unit 25. a dichroic minor 29 and a 

^^^^^f?? ^^tk^x^c^^^^^ condensing Lens 30 are successively arranged on the same 

EMBODIMENTS optical path as that of the lens 24. and on the optical path in 

The present invention will hereinafter be described in the direction of reflection of the dichroic mirror 29. there are 

detail with respect to some embodiments thereof shown in disposed a mask 31 and a rnirror 3Z and this focusing unit 

the drawings. ^ 25 is integrally movable in the direction of the arrow. 

FIG. 1 shows the construction of a first embodiment On the optical path in the direction of incidence of the 

applied to an eye fundus blood stream meter, and on an condensing lens 30. there are disposed in parallel, a fixed 

illuminating optical path leading from a light source 1 for mirror 33 and an optical path changeover rnirror 34 retract- 

observation, comprising a tungsten lamp or the like emitting able from the optical path, and on the optical path in the 

white light to an objective lens 2 opposed to an eye E to be 45 direction of incidence of the optical path changeover mirror 

examined, there are successively arranged a condenser lens 34. there are successively arranged a collimator lens 35 and 

3. a field lens 4 with a band-pass filter transmitting a light source 36 for measurement such as a laser diode 

therethrough, for example, only light of a wavelength in the emitting coherent infrared light Further, on the optical path 

yellow range, a ring slit 5 substantially conjugate with the in the direction of incidence of the mirror 32, there are 

pupil Ep of the eye E to be examined, a light intercepting 50 arranged a beam expander 37 comprising a cylindrical lens 

member 6 substantially conjugate with the crystalline lens of or the like, and a light source 38 for tracking, such as an 

the eye E to be examined, a relay lens 7. a transmission type He-Nc laser source emitting, for example, green light of 

liquid crystal plate 8 which is a fixation target displaying high luminance differing from the other light source, 

element movable along the optical path, a relay lens 9. a On the optical path in the direction of reflection of the 

light intercepting member 10 conjugate with the vicinity of 55 lower reflecting surface 22a of the galvanometric mirror 22, 

the cornea of the eye E to be examined, an apertured rnirror there are successively arranged a focusing lens 23* a dichroic 

11 and a band-pass mirror 12 transmitting therethrough light mirror 39, a field lens 40, a magnifying lens 41 and a 

of a wavelength in the yellow range and almost reflecting the one-dimensional CCD 42 with an image intensifier, whereby 

other light beams, whereby there is constructed an illumi- there is constituted a blood vessel detecting optical system, 

nating optical system. 60 Also, on the optical path in the direction of reflection of the 

An eye fundus observation optical system is constructed dichroic mirror 39, there are disposed an imaging lens 43, a 

behind the apertured rnirror 11, and there are successively confocal stop 44 and a pair of mirrors 45a and 45b provided 

arranged a focusing lens 13 movable along the optical path, substantially conjugately with the pupil Ep of the eye E to 

a relay lens 14. a scale plate 15, an optical path changeover be examined, and in the directions of reflection of the pair 

rnirror 16 removably in salable into the optical path, and an 65 of mirrors 45a and 4Sb y there are disposed photomulupliers 

eyepiece 17. and this optical system leads to an examiner's 46a and 46b, respectively, whereby a light receiving optical 

eye e. A TV relay lens 18 and a CCD camera 19 are disposed system for measurement is constituted. While all optical 
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paths are shown on the same plane for convenience of other hand, when the optical path changeover mirror 16 is 

display of the device in FIG. 1. the reflecting optical paths insetted in the optical path, the eye fundus image Ea' formed 

of the pair of mirrors 45a and 4Sb t the measuring optical on the scale plate 15 is re-imaged on the CCD camera 19 by 

path in the direction of emergence of the light source 38 for the TV relay lens 18 and is displayed on the liquid crystal 

tracking and the optical path leading from the light source 36 5 monitor 20. 

to measurement to the mask 31 are orthogonal to the plane The examiner effects the alignment of the apparatus by the 

of the drawing sheet of FIG. 1. eyepiece 17 or the liquid crystal monitor 20 while observing 

There is further provided a system controlling portion 47 the eye fundus image Ea'. At this time, it is preferred to adopt 

for controlling the entire apparatus, and input means 48 to be an appropriate observation system in conformity with that 

operated by the examiner and the outputs of the photomul- 10 purpose, and the case of the observation by the eyepiece 17 

tipliers 46a and 46b are connected to the system controlling is generally higher in resolution and sensitivity than the 

portion 47, the output of which is connected to the galva- liquid crystal monitor 20. etc. and therefore is suitable for 

nomctric mirror 22 through a galvanornetric mirror control reading any minute change in the fundus Ea of the eye and 

circuit 49 and is also connected to the optical path diagnosing. On the other hand, in the case of the observation 

changeover mirror 34. The output of the one-dimensional 15 by the liquid crystal monitor 26. the field of view is not 

CCD 42 is connected to the galvanornetric mirror control limited and therefore, the examiner's fatigue can be rniti- 

circuit 49 through a blood vessel position detecting circuit gated and further, by connecting the output of the CCD 

50. camera 19 to an outside video tape recorder, a video printer 

FIG. 2 shows the disposition of light beams on the pupil or the like, changes in the measured region on the fundus Ea 

Ep of the eye E to be examined. I indicates the image of the 20 of eye can be successively electronically recorded, and 

ring slit 5 in an area murninated by yellow muminatJng light ^ * clinically very effective. 

O designates an eye fundus observation light beam or the Next, measurement light emitted from the light source 36 
image of the opening portion of the apertured mirror 11. V for measurement is collimated by the collimator lens 35. and 
denotes a measurement/blood vessel light receiving light is reflected by the optical path changeover mirror 34 and the 
beam or the images of the effective portions of the upper and 25 tnhror 33 when the optical path changeover mirror 34 
lower reflecting surfaces 22a and 22b of the galvanornetric is inserted in the optical path, and passes below the con- 
mirror 22. and Da and Db designate two measurement light dens ing lens 3#. and passes directly above the condensing 
receiving light beams or the images of the pair of minors lens 30 when the optical path changeover mirror 34 is 
4Sa and 45*. Also, P2 and P2' indicate the positions of retracted from the optical path, and is transmitted through 
measurement light selected by changing over the optical 30 me dichroic mirror 29. 

path changeover mirror 34 at the position of incidence of the On the other hand, tracking light emitted from the light 

measurement light, and an area M indicated by the dot-and- source 38 for tracking has its beam diameter enlarged at 

dash line is the image of the Lower reflecting surface 22a of different vertical and horizontal magnifications by the beam 

the galvanornetric mirror 22. expander 37, and is reflected by the mirror 32. whereafter it 

White light emitted from the light source 1 for observa- 35 is shaped into a desired shape by the shaping mask 31. and 

tion passes through the condenser lens 3. and only light of is reflected by the dichroic mirror 29 and is superposed on 

yellow wavelength is transmitted through the field lens 4, the measurement light imaged in the shape of a spot at a 

and passes through the ring slit 5. the light intercepting position conjugate with the center of the opening portion of 

member 6 and the relay lens 7. and iUuminates the trans- the mask 31. by the condensing lens 30. 

mission type liquid crystal 8 behind it Further, this light 40 The tracking ligrt superposed on the measurement light 

beam passes through the relay lens 9 and the light intercept- passes through the lens 24. is once reflected by the upper 

ing member 10 and is reflected by the apertured mirror 11. reflecting surface 22b of the galvanornetric mirror 22. and 

and only light of a wavelength in the yellow range is passes through the black spot plate 27. whereafter it is 

transmitted through die band-pass mirror 12 and passes reflected by me concave mirror 28 and again passes through 

through the objective lens 2. and is once formed as an eye 45 the black spot plate 27 and the optical path length correcting 

fundus illuminating light beam image I on the pupil Ep of semicircular plate 26. and is returned toward the galvano- 

the eye E to be examined, whereafter it substantially uni- metric mirror 22. The galvanornetric mirror 22 is disposed at 

formly illuminates (he fundus Ea of the eye. At this time, a a position conjugate with the pupil Ep of the eye E to be 

fixation target is displayed on the transmission type liquid examined and therefore, the image thereof is of a shape 

crys taJ plate 8, and is projected onto the fundus Ea of the eye so shown by broken line M In FIG. 2 on the pupil Ep of the eye 

E to be examined by the iUummating light and is presented E to be examined. 

as a fixation target image to the eye E to be examined. The The concave mirror 28. the black spot plate 27 and the 

ring slit 5 and the light intercepting members 6 and 10 are optical path length correcting semicircular plate 26 are 

for separating eye fundus ifluminating light and eye fundus concentrically disposed on the optical path, and are given the 

observation light from each other at the front eye part of the 55 function of a relay optical system for imaging the upper 

eye E to be examined, and may be of any shape if they form reflecting surface 22b and lower reflecting surface 22a of the 

the necessary light intercepting areas. galvanornetric mirror 22 by -1 time and thus, light beams 

Reflected light from the fundus Ea of the eye is taken out reflected at positions PI and PI' in FIG. 2 on the back of the 

as an eye fundus observation light beam O from on the pupil image M of the galvanornetric rniiror 22 by the insertion and 

Ep and returns along the same optical path, and passes 60 retraction of the optical path changeover mirror 34 into and 

through the central opening portion of the apertured mirror from the optical path are returned to positions P2 and P2' 

11, the focusing lens 13 and the relay lens 14. and is formed lying in the cut-away portion of the galvanornetric mirror 22, 

as an eye fundus image Ea' on the scale plate 15, whereafter and are not reflected by the galvanornetric mirror 22, but 

it comes to the optical path changeover imxror 16. When the travel toward the image rotator 21. The light beams deflected 

optical path changeover mirror 16 is retracted from the 65 toward the objective lens 2 by the band-pass mirror 12 via 

optical path, the eye fundus image Ea* becomes observable the image rotator 21 are applied to the fundus Ea of the eye 

by the examiner's eye e through the eyepiece 17, and on the E to be examined through the objective lens 2. 
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As described above, the measurement light and the track- image receiving optical system is smaller in the image 

ing light are reflected in the upper reflecting surface 22b of receiving range. Also, the spacing on the pupil Ep between 

the galvanometric mirror 22. and when they are again the measurement light receiving light beams Da and Db 

returned, they enter the galvanometric mirror 22 while being directly affects the resolving power of the blood stream 

eccentric from the optical axis of the objective lens 2 and 5 velocity meter, but by making the measurement/blood vessel 

therefore, they are formed as a spot image P2 or P2' on the light receiving light beam V large, it becomes possible to 

pupil Ep as shown in FIG. 2. whereafter they irradiate the sufficiently secure the spacing between the measurement 

fundus Ea of the eye into the shape of a spot light receiving light beams Da and Db. 

The scattered reflected light on the fundus Ea of the eye Also, a part of the scattered reflected light on the fundus 

is again conacnsed by the objective lens 2. is reflected by the 10 Ea of the eye by the measurement light and the tracking light 

band-pass mirror 12. passes through the image rotator 21, is is transmitted through the band-pass mirror 12 and directed 

reflected by the lower reflecting surface 22a of the gafva- to the eye fundus observation optical system behind the 

nometric mirror 22, passes through the focusing lens 23. and apertured mirror 11. At this time, the tracking light is imaged 

on the dichroic mirror 39, the measurement light and the as a bar-like indicator T on the scale plate 15. and the design 

tracking light are separated from each other. 15 of the apparatus is such that the conjugate point on the 

The tracking light is transmitted through the dichroic fundus of the eye with the tracking reference position 

mirror 39 and formed as a blood vessel image Ev' more initially set on the tracking sensor becomes the center of the 

enlarged than the eye fundus image Ea' by the eye fundus indicator T and therefore, the measurement light is formed 

observation optical system on the one-dimensional CCD 42 as a s P°t on me central portion of this indicator T. 

by the field lens 40 and the imaging lens 41. On the basis of 20 As shown in FIG. 3, these images are observed with the 

the blood vessel image Ev* picked up by the one- eye fundus image Ea' and the fixation target image F through 

dimensional CCD 42. data representative of the amount of the eyepiece 17 or the liquid crystal monitor 20. At this time, 

movement of the blood vessel image Ev' is prepared in the a spot image, not shown, is observed as being superposed on 

blood vessel position detecting circuit 50 and is outputted to the center of the indicator T. and the indicator T can be 

the galvanometric mirror control circuit 49. The galvano- 25 one-dimensionaliy moved within the range of a truly circular 

metric mirror control circuit 49 drives the galvanometric scale S at the center of the field of view prepared in advance 

mirror 22 so as to compensate for this amount of movement on the scale plate 15 projected onto the fundus Ea of the eye. 

On the other hand, the measurement ligrt is reflected by by an operating member such as the operating rod of the 

the dichroic mirror 39, passes through the lens 43 and the ^ "»P"t means 48. 

opening portion of the confocal stop 44, is reflected by the The examiner first effects the focusing of the eye fundus 

pair of mirrors 45a and 4Sb and is received by the photo- image Ea*. When the focusing knob of the input means 48 is 

multipliers 46a and 466. The outputs of thephotomultipliers adjusted, the transmission type liquid crystal plate 8, the 

46a and 46b are outputted to the system controlling portion focusing lenses 13 and 23 and the focusing unit 25 are 

47. and this light reception signal is frequency-analyzed as 35 moved along the optical path in operative association with 

in the conventional art whereby the blood stream velocity of one another by driving means, not shown. When the eye 

the fundus Ea of the eye is found. fundus image Ea' is just focused, the transmission type liquid 

At mis time, due to the spectral characteristic of the crystal plate 8. the scale plate 15, the one-dimensional CCD 

band-pass mirror 12. the illuminating light from the light 42 and the confocal stop 44 simultaneously become conju- 

source 1 for observation does not arrive at the one- ^ gate with the fundus Ea of the eye. 

dimensional CCD 42. and further, the image pickup range is The confocal stop 44 at this time is for focusing on a 

set narrowly and therefore, it is difficult for harmful flare desired blood vessel Ev, and FIG. 4 is an illustration of the 

Light to mix with the illuminating light and thus, only the action thereof, and the position of the blood vessel Ev on the 

blood vessel image Ev* by the tracking light is picked up by fundus Ea of the eye. which is the object of measurement, is 

the one-dimensional CCD 42. Also, hemoglobin in blood 4S represented by a measured region SI. and the position of the 

and melanin on the epithelium of pigment greatly differ in blood vessel Ev in choroidea Sc lying rearwardly of this 

the spectral reflectance in the green wavelength range from blood vessel Ev is represented by a measured region S2. 

each other and therefore, by making the tracking light into The light beam from the light source 36 for measurement 

green light, it becomes possible to pick up the blood vessel enters the mirror 65 from below it. is reflected in a horizontal 

image Ev' with good contrast 50 direction and irradiates the measured region SI. The 

The light beam received by the one-dimensional CCD 42 reflected light on the measured region SI passes through an 

is a light beam taken out of a measurement/blood vessel light opening 56 having the function of determining the light 

receiving light beam V on the pupil Ep of the eye E to be receiving direction which is equal to that of the pair of 

examined, and from this light beam V. light beams passing mirrors 45a and 4Sb, and is made conjugate with the 

through measurement light receiving light beams Da and Db 55 measured region SI by a lens 57 and passes through a small 

are taken out by the pair of mirrors 45a and 45b and are aperture 58. and thereafter is received by the photomultipii- 

received by the photomuMpliers 46a and 46b. It is because ers 46a and 46b, not shown. In this optical system, the 

the one-dimensional CCD 42 is greater in the imaging reflected light on the measured region S2 indicated by a 

magnification on the fundus of the eye than the CCD camera dotted line, like the light beam reflected by the measure 

19 of the eye fundus observation optical system and die 60 region SI indicated by solid line, is imaged by the lens 57. 

illuminance of the image plane on the one-dimensional CCD but cannot pass through the small aperture 58 and therefore, 

42 is difficult to secure, that the measurement/blood vessel this light beam is not received by the photomultipliers 46a 

light receiving light beam V is made large as compared with and 46b. 

the eye fundus observation light beam 0. As described above, in the present embodiment, provision 

On the other hand, the influence of flare light created on 65 is made of for the confocal stop 44 to have a function similar 

the front eye part of the eye E to be examined by making the to that of the above-mentioned small aperture 58, and only 

light beam large poses no problem because the blood vessel the reflected light on the blood vessel Ev at a particular depth 
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is received by the photomuitipliers 46a and 46*. whereby it The operating rod of the input means 48 is operated to 
becomes possible to measure the blood stream velocity of a adjust the angles of the indicator T (tracking light) and the 
desired blood vessel Ev. In the actual examination, the measured blood vessel Ev so as to be orthogonal to each 
examiner sets the depth of the blood vessel Ev which is the other, and move the blood vessel Ev in the lengthwise 
object of measurement while watching the focus state on the 5 direction of the indicator T. When a portion of the indicator 
eye fundus image Ea' shown in FIG. 3. and focuses the eye T becomes orthogonal to and overlaps the measured blood 
fundus image Ea*. vessel Ev, the blood vessel image Ev* indicated and iiiumi- 
After the focusing has been terminated, the examiner anted by the tracking light (indicator T) as shown in FIG. 7 
operates the input means 48 to move the fixation target is enlarged and picked up on the element of the one- 
image F. and directs the visual axis of the eye E to be l0 dimensional CCD 42 of the blood vessel detecting optical 
examined and changes the observation area, and moves the system arranged in the lengthwise direction of the tracking 
bloodvesselEv.whichismeobjectofrneasurernenuintom^ light 

circles of toe scale plate 15. Then, as shown in FIG. 15, the The reflected light of the tracking light (indicator T) 
examiner operates the image rotator 21 by the operating rod projected onto the fundus Ea of the eye is projected onto the 
of the input means 48 to rotate the indicator T so that the one-dimensional CCD 42 at -n times via the rotator 21 and 
indicator T may become perpendicular to the direction of 15 the galvanometric mirror 22 and therefore is stationary on 
running of the blood vessel Ev, which is the object of the one-dimensional CCD 42 in spite of the apparent move- 
measurement meat of the indicator T (tracking light) and when the 
At this time, the eye fundus observation light does not indicator T (tracking light) moves in the lengthwise 
pass through the image rotator 21 and therefore, only the direction, only the blood vessel image EV moves on the 
indicator T is recognized as being rotated and accordingly, 20 one-dimensional CCD 42. 

the image of each optical member on the pupil Ep shown in After the measured region is determined, the input means 

FIG. 2 is also rotated by the same angle in the same direction 48 is again operated to input die start of tracking. When a 

about the origin, and a straight line passing through the command for starting the tracking is inputted from the input 

centers of measurement light receiving light beams Da ~ * to ^^^^^l^T" 0001101 ™, 4 

. -v. . o . ,. _TTr. riimnnktk« (wntwc ~**fc» 25 through the controlling portion 47, the measurement light is 

and Db and a straight line passing through the centers of the ^ 0Q ^ Uatkihg hg)A * d * 

^IT^II^K * ^iM^ X '^i* m STsame time, in the blood vessel position detecting circuit 
with the dmection of running of the blood vessel Ev. 50.theamount of movement X of thVblood vessd iiLge Ev' 
This operation corresponds to the fact that p=0° in equa- shown in FIG. 7 from the one-dimensional reference posi- 
tion (1) for the calculation of velocity described in the ti on 41a is calculated on the basis of the light reception 
example of the conventional art, whereby the following signal of the one-dimensional CCD 42. On the basis of this 
advantages (aH<0 arise. amount of movement X. the galvanometric mirror 22 is 

(a) When from equation (1), (3=90°, that is, cos (3=0. the driven by the galvanometric mirror control circuit 49. and 
absolute value of the maximum blood stream velocity Vmax the received position of the blood vessel image Ev' on the 
cannot be found from only the maximum frequency shifts 33 one-dimensional CCD 42 is controlled so as to be on the 
Afmaxl and Afmax2, but the eye fundus image Ea' is rotated one-dimensional reference position 42a. Since the measure- 
so that $=G°. whereby a measurement impossible position ment light in the form of a beam spot is applied while being 
can be avoided. superposed on the central position corresponding to the 

(b) It becomes unnecessary to measure the angle fi and one-dimensional reference position 42a of the tracking light 
therefore, error factors decrease and the operation is sim- ^ (indicator T) on the fundus Ea of the eye, it becomes 
plified possible to grasp the measured blood vessel Ev accurately 

(c) As described in the example of the conventional art, by the tracking system. 

the blood stream velocity is found from the interference The design of the device is made such that if PI (PI') and 

signal of the scattered reflected light from the blood vessel P2 (PZ) are points conjugate with the tracking reference 

wall and the scattered reflected light in the blood and 45 position when the measurement light passes, the central 

therefore, even if the fundus Ea of the eye moves in the position of the tracking light T lies at the tracking reference 

direction of the x-axis during measurement, the result of position on the fundus Ea of the eye. as shown in FIG. 8 

measurement will not be affected if die blood vessel Ev is when the tracking light and the measurement light are die 

made substantially parallel to the direction of the x-axis. same light beam and enter the eye E to be examined and 

On the other hand, when the fundus Ea of the eye moves so therefore, the measurement light U is imaged at mis position 

in the direction of the y-axis orthogonal to the x-axis, the and the tracking system functions effectively. However, 

light beam from the light source 36 for measurement devi- when the angles of incidence of the tracking light T and the 

ates from the blood vessel Ev in the measured region and the measurement light U onto the cornea differ from each other 

measured value becomes unstable, but in that case, the and particularly when there is great astigmatism in the 

amount of movement of the blood vessel Ev can be detected 55 cornea or the like, the imaged positions of the tracking light 

with respect only to the direction of the y-axis, and in the T and the measurement light U on the fundus of the eye 

present embodiment.' tracking in only this one direction is deviate from each other as shown in FIG. 9. and the 

effected by the blood vessel detecting optical system behind measurement light U deviates from the center of the tracking 

the dichroic mirror 39 and the galvanometric mirror 22. light T, i.e.. the blood vessel Ev. as shown in FIG. 10. 

To effect this tracking and measure the blood stream 60 Accordingly, as shown in FIG. 11. during tracking, the 

velocity accurately and quickly with respect to all blood galvanometric mirror 22 is driven by an amount of correc- 

vessels Ev to be examined, the one-dimensional CCD 42 for tion from the input means 48 through the controlling portion 

detecting the amount of movement of the blood vessel image 47, and on the fundus Ea of the eye, the measurement light 

Ev* may preferably be disposed perpendicularly to the blood U is moved to the position of the blood vessel Ev with the 

vessel Ev, which is the object of measurement and further, 65 tracking light T. 

by rendering (5=0°, the advantage that it becomes unneces- Seeing this on the one-dimensional CCD 42, it follows 

sary to use a two-dimensional sensor also arises. that as shown in FIG. 12. the blood vessel image EV is 
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projected while deviating by X from an initially set one- 
dimensional reference position 42a. With this position 62b 
spaced apart by X as a new one-dimensional reference 
position, the correcting operation is performed by tracking 
control, whereby the measurement light U can grasp the 
measured blood vessel Ev accurately. That is, this means that 
a set value, to which die distance of deviation from the 
initially set one-dimensional reference position, which is the 
irradiated position under ideal conditions, to the blood 
vessel image position is to be adjusted by the tracking 
operation, has been changed from zero to X*. 

FIG. 13 is a flow chart of tracking correction. When 
tracking is started, whether the measurement light U devi- 
ates from the measured blood vessel Ev is first detected, and 
if it does not deviate, measurement is started. If it deviates, 
an amount of correction is provided so that the measurement 
light U may come onto the blood vessel Ev. and the 
galvanometric mirror 22 is driven. Next, the position of the 
Wood vessel Ev is detected on the one-dimensional CCD 42. 
and at that position of the Wood vessel Ev, the resetting of 
the reference position is effected. Tracking is then started 
with the new reference position as the center, whereafter 
measurement is started. 

Referring now to FIG, 14 which shows a first modification 
of the first embodiment, plane parallel plates 60a and 60b 
are provided in the measurement optical path between the 
dichroic mirror 29 and the condensing lens 30, and each of 
them is rotatable on a shaft perpendicular to the plane of the 
drawing sheet of FIG. 14 by a driving mechanism, not 
shown. 

When tracking is started and on a finder or a monitor, the 
measurement light deviates from the center of the tracking 
light on the measured blood vessel as shown in FIG. 10, the 
plane parallel plates 60a and 606 are driven by the input 
means 48. whereby the optical path of the measurement light 
U is shifted as shown in FIG. 15, and measurement is 
effected with the measurement light spot U moved so as to 
come onto the blood vessel Ev. 

Referring to FIG. 16 which shows a second modification, 
instead of the plane parallel plates 60a and 60b, optical 
members 60a and 60b of a wedge-like cross-sectional shape 
are used between the condensing lens 30 and the optical path 
changeover mirror 34 and between the condensing lens 30 
and the fixed mirror 33, respectively. 

Further, as a third modification, no optical member is 
used, but the design of the device is such that the position of 
the light source 36 for measurement can be freely changed 
on a plane perpendicular to the plane of the drawing sheet of 
FIG. 16 and the optical path, whereby a similar operational 
effect can be obtained. 

Referring to FIG. 17 which shows the construction of a 
second embodiment, a gradation ND filter 65 partially 
differing in transmittance is disposed between the mirror 32 
and the beam expander 37. Gradation ND filter driving 
means 66 such as a motor is connected to the gradation ND 
filter 65 through a gear, and the output of the system 
controlling portion 47 is connected to the gradation ND filter 
65. Thereby, there is formed tracking light power control 
means in which the gradation ND filter 65 is moved in a 
plane perpendicular to the optical path. The tracking light 
power control means may use. instead of the gradation ND 
filter 65. ND filters differing in transmittance from one 
another and arranged in the form of a turret The orner 
portion of the second embodiment is constituted by an 
optical system and a control system similar to those in the 
first embodiment of FIG. 1. 
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FIGS. 18A and 18B show the output voltage of die blood 
vessel image Ev* picked up by the one-dimensional CCD 42. 
and the axis of the abscissas represents the address of the 
one-dimensional CCD 42. and the axis of the ordi nates 

5 represents the voltage V. If the quantity of applied tracking 
light is too great the blood vessel image Ev* of a thin blood 
vessel will be broken as shown by A in FIG. ISA, and if the 
quantity of applied tracking light is too small, sufficient 
resolution will not be obtained as shown by C in FIG. 18B 
and therefore, die system controlling portion 47 drives the 
gradation ND filter 65 by the gradation ND filter driving 
means 66 so that an appropriate blood vessel image Ev* may 
be obtained from the blood vessel image Ev*, and optimizes 
the tracking light from the light source 38 for tracking into 
a predetermined quantity of applied light. Thereby, there is 

15 obtained a blood vessel image of light contrast as indicated 
by B and D in FIGS. 18A and 18B. 

With regard also to measurement the operations other 
than the controlling of the tracking light by the gradation ND 
filter 65 can be performed entirely similarly to those in the 
first embodiment and need not be described. 

The elements of the one-dimensional CCD 42 are 
arranged in the lengthwise direction of the tracking light 
and when the adjustment of the angle of the measured region 

22 has been terminated, the lengthwise direction of the indica- 
tor T showing the tracking light is orthogonal to the direction 
of running of the measured blood vessel Ev and therefore, 
the eye fundus image Ea' indicated by the indicator T is 
enlargedly picked up on the one-dimensional CCD 42 of the 

30 blood vessel detecting optical system. 

After the adjustment of the angle has been terminated, the 
operating rod of the input means 48 is operated to move the 
indicator T, and the spot image superposed on the tracking 
light is made coincident with the measured region to thereby 

3S select the measured region, and after the measured region 
has been determined, the input means 48 is operated again 
to input the starting of tracking. 

When a command for starting tracking is inputted from 
the input means 48 to the galvanometric mirror control 

40 circuit 49 through the system controlling portion 47. if the 
contrast of the blood vessel image Ev* exceeds a desired 
value, the amount of movement of the blood vessel image 
Ev' from the one-dimensional reference position is calcu- 
lated in the blood vessel position detecting circuit SO on the 

45 basis of the Light reception signal of the one-dimensional 
CCD 42. On the basis of this amount of movement, the 
galvanometric mirror 22 is driven by the galvanometric 
mirror control circuit 49, and the received position of the 
blood vessel image Ev' on the one-dimensional CCD 42 is 

50 controlled so as to become constant 

Also, when the contrast of the blood vessel image Ev' 
does not exceed the desired value, the system control means 
47 controls the gradation ND filter driving means 66 in 
conformity with the blood vessel image Ev', and controls the 

55 tracking light so that a blood vessel image Ev* of high 
contrast may be obtained, whereafter in the blood vessel 
position detecting circuit 50, the amount of movement of the 
blood vessel image Ev* from the one-dimensional reference 
position is calculated on the basis of the light reception 

60 signal of the one-dimensional CCD 42. On the basis of this 
amount of movement the galvanometric mirror 22 is driven 
by the galvanometric mirror control circuit 49. and the 
received position of the blood vessel image Ev' on the 
one-dimensional CCD 42 is controlled so as to become 

65 constant 

In the present embodiment, the system control means 47 
controls the gradation ND filter driving means 66 on the 
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basis of the output of the one-dimensional CCD 42 to 
thereby control the tracking light so that a blood vessel 
image Ev' of high contrast may be obtained, but 
alternatively, the examiner may operate a gradation ND filter 
operating portion, not shown, in conformity with the blood 
vessel image Ev* which is the output of the one-dimensional 
CCD 42 to thereby move the gradation ND filter 65 so as to 
control the tracking light. 
What is claimed is: 

1. An eye fundus examining apparatus comprising: 

a first optical system for projecting measurement light 
onto the fundus of an eye; 

a deflecting member provided in said first optical system 
for deflecting said measurement light; 

a light receiving element for receiving the measurement 
light reflected from the fundus of the eye, a predeter- 
mined parameter of a target on the fundus of the eye 
being measured from light reception information of 
said light receiving element; 

a second optical system for projecting a tracking light 
beam to an area including said target on the fundus of 
the eye; 

an image pickup element for receiving the image of said 
target illuminated by said tracking light beam; and 

a control system for driving said deflecting member and 
directing said measurement light onto said target so that 
the distance of deviation from an illuminated point on 
the eye fundus illuminated by said measurement light 
under an ideal condition to said target image received 
on said image pickup element becomes a set value, said 
set value being suitably resectable. 

2. An apparatus according to claim 1, wherein said 
measurement light and said tracking light beam are sepa- 
rable from each other due to their wavelengths. 

3. An apparatus according to claim 1. wherein said control 
system has a detecting portion for detecting the distance of 
deviation from a tracking reference position on said image 
pickup element initially set at the conjugate position of the 
illuminated point on the . eye fundus illuminated by said 
measurement light under the ideal condition to said target 
image received by said image pickup element, a directing 
system for driving said deflecting member so that the 
distance of deviation becomes zero, and directing said 
measurement light onto said target image, and tracking 
reference position correcting means for rendering said track- 
ing reference position suitably movahle and resectable. 

4. An apparatus according to claim 1, further having 
changing means for changing the projection angle or the 
projected position of said measurement light on the incident 
side of said deflecting means. 



)4,337 

14 

5. An eye fundus examining apparatus comprising: 

a light beam scanning system for deflecting a light beam 
In conformity with a control signal; 
5 a light source emitting a tracking light beam; 

a tracking light beam applying system for directing the 
tracking light beam from said light source to a mea- 
sured portion of an eye to be examined through said 
light beam scanning system; 
10 a beam power controlling portion for controlling the beam 
power of the tracking light beam provided in said 
tracking light beam applying system; 
an imaging optical system for directing scattered reflected 
15 light of said tracking light beam scattered and reflected 
from the measured portion of the eye to be examined to 
a light receiving device through said light beam scan- 
ning system; and 
a control system for controlling said light beam scanning 
20 system in conformity with the output from said light 
receiving device. 

6. An apparatus according to claim 5. wherein said beam 
power controlling portion has an optical member partially 

' differing in transmittance. 
25 7. An eye fundus examining apparatus comprising: 

a light beam scanning system for deflecting a light beam 

in conformity with a control signal; 
a light source emitting a tracking light beam; 
30 a tracking light beam applying system for directing the 
tracking light beam from said light source to a mea- 
sured portion of an eye to be examined through said 
light beam scanning system; 
a beam power controlling portion for controlling the beam 
power of the tracking light beam provided in said 
tracking light beam applying system; 
an imaging optical system for directing scattered reflected 
light of said tracking light beam scattered and reflected 
40 from the measured portion of the eye to be examined to 
a light receiving device through said light beam scan- 
ning system; and 
a control system for controlling said light beam scanning 
system and said beam power controlling portion in 
45 conformity with the output from said light receiving 
device. 

8. An apparatus according to claim 7. wherein said beam 
power controlling portion has an optical member partially 
differing in transmittance. 

50 
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